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@ Low pressure preparation of ethylene copolymers in fluid bed reactor, copolymers obtained and films made therefrom. 

Ethylene copolymers having a density of ^ 0.91 to ^ 
0.96 and a melt flow ratio of > 22 to ^ 32 are readily 
produced in a low pressure gas phase process at a productiv- 
ity of 2s 50,000 pounds of polymer per pound of Ti with a 
particulate catalyst diluted with an inert carrier material and 
formed from selected organo aluminum compounds and a 
precursor composition of the formula: 

Mg^Ti,(OR)nXp[ED]^ 

wherein ED is a selected electron donor compound, 
m is > 0.5 to < 56 
n is 0 or 1 
p is > 6 to 116 
q is > 2 to < 85 

R is a Ci to Ci4 aliphatic or aromatic hydrocarbon radical, 
or COR' wherein fK' is a Ci to C14 aliphatic or aromatic 
hydrocarbon radical, and 

X is selected from the group consisting of CI, Br, I or 
mixtures thereof. 

This application is a Contrnuation-in-Part of co-pending 
application Serial No. 892,325 filed March 31, 1978. 
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Field of the Invention 

The invention relates to the catalytic copolymerization 
of ethylene with high activity Mg and Ti containing 
complex catalysts in a low pressure gas phase process 
to produce polymers having a density of > 0.91 to < O.96 
and a melt flow ratio of > 22 to < 32. 

Description of the Prior Art 

Until recently, low density 0.940) polyethylene has 
been produced commercially, for the most part, "by the 
high pressure (> 15,000 psi) homopolymerization of 
ethylene in the gas phase in stirred and elongated 
tubular reactors in the absence of solvents using free 
radical initiators. On a world wide basis, the amotmt 
of low density polyethylene produced in this fashion, 
annually, amounts to more than thirteen (13) billion 
pounds . 

As recently disclosed in U.S. Patent 4,011,382 and in 
Belgian Patent 839,380 it has been found that low density 
polyethylene can be produced commercially at pressures 
of <1000 psi in a gas phase reaction in the absence of 
solvents by employing selected chromium and titanium 
(and, optionally, fluorine) containing catalysts under 
specific operating conditions in a fluid bed process. 

The products produced by the processes of U.S. 4,011,382 
and Belgian 839,380, however, have a relatively broad 
molecular weight distribution (Mw/Mn) of > 5 to < 20. 
As such, although readily useful for a large number of 
applications in the areas of vjxre and cable insulation 
and molded pipe they are not broadly usefvQ. in the areas 
of injection molding applications. They are also not 
broadly used in the area of film applications because 
of the poor optical and mechanical properties of films 
made from such resins. 

To be commercially useful in a gas phase process, such 
as the fluid bed processes of U.S. Patents 3,709,853; 
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4,003,712 and 4,011,382 and Canadian Patent 991,798 
and Belgian Patent 839,350, the catalyst employed must be 
a high activity catalyst, that is, it must have a level 
of productivity of > 50,000, and preferably > 100,000, 
pounds of polymer p#r pound of primary metal in the 
catalyst. This is so because such gas phase processes 
usually do not employ any catalyst residioe removing 
procedures. Thus, thp catalyst residue in the polymer 
must be so small that it can be left in the polymer 
without causing m^^y xindue problems in the hands of the 
resin fabricator and/or ultimate consumer. Where a high 
activity catalyst is successfully used in such fluid 
bed processes, the heavy metal content of the resin is 
of the order of ^ 20 parts per million (ppm) of primary 
metal at a productivity level of > 50,000 and of the 
order of < 10 ppm at a productivity level of > 100,000, 
and of the order of < 3 ppm at a productivity level of 
> 300,000. Low catalyst residue contents are also 
important where the catalyst is made with chlorine con- 
taining materials such as the titanium, magnesium and/or 
aluminum chlorides \ised in some so-called Ziegler or 
Ziegler-Natta catalysts. High residual chlorine values 
in a molding resin will cause pitting and corrosion on 
the metal surfaces of the molding devices. CI residues 
of the order of > 200 ppm are not commercially useful. 

U.S. Patent 3,989,881 discloses the use of a high 
activity catalyst for the manufacture, londer slurry 
polymerization conditions, of ethylene polymers having 
a relatively narrow molecular weight distribution 
(Mw/Mn) of about 2.7 to*3.1. Attempts were made to use 
catalysts similar to those described in U.S. 3,989,881 
for the purpose of making polyethylene of narrow mole- 
cular weight distribution by polinnerizing ethylene alone 
or with propylene in the gas phase in a fluid bed process 
using apparatus and conditions similar to those employed 
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in U.S. 4,011,382 and Belgian Patent 839,380. These 
attempts were not successf\al. In order to avoid the use 
of the solvents in the slurried catalyst systems of 
U.S. 3,989,881 the Ti/Mg containing components were 
dried. However, the dried material, a viscoias, gummy, 
pyrophoric composition, could not be readily fed to the 
reactor because it was not in a free flowing form. 
Even when blended with siJLica, to improve its free flow- 
ing properties and then added to the reactor the res\ilts 
were commercially tina c cap table . The productivity of the 
catalyst was poor, or the catalyst was pyrophoric and 
difficult to handle , or the polymer product had a low 
bulk density i.e., of the order of <6 poimds/cubic foot 
at a density of < 0.940. Materials having such a low bulk 
density cannot be fluidized in a fluid bed process xander 
acceptable operating conditions. 

Polymers of such low hvilk density are also not commercial'- 
desirable because they are fluffy. If the polymer is to 
be stored or sold in granular form, significantly larger 
amounts of storage and shipping space is required for 
handling these materials. Even if the granular polymer is 
to be pelletized prior to shipping, the processing of a 
given quantity of the low bulk density material through 
the pelletizing equipment requires significantly longer 
processing times than would the same quantity of high 
bulk density materials, when using the same extrusion 
equipments. 

U.S. Patent 4,124,532 discloses the polymerization of 
ethylene and propylene with high activity catalysts. These 
catalysts comprise complexes which may contain magnesium 
and titanium. These complexes are prepared by reacting 
the halide (where M may be Mg) with a compound M'Y 

(where M' may be Ti and Y is halogen or an organic 
radical) in an electron donor compoxmd. These complexes 
are then isolated by either crystallization, by evapor- 
ation of the solvent or by precipitation. 
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Polymerization is carried out with these complexes and 
an alkyl alumin\jm compoimd. 

However, U.S. Patent 4,124,531 does not disclose any 
special techniques or methods of preparing the catalyst 
in order to achieve the desirable results described in 
the present invention. The use of the catalysts des- 
cribed in U.S. Patent 4,124,532, without these special 
methods, would not lead to a commercial fluid bed 
process to produce polyethylenes at commercial rates. 
In addition the examples in the gas phase do not 
describe copolymerization to produce high density poly- 
ethylene copolymer, let alone a practical process for 
producing the special low density copolymers described 
in our present invention. 

U.S. patents 3,922,322 and 4,035,560 disclose the use 
of several Ti and Mg containing catalyst for the 
manufacture of granular ethylene polymers in a gas phase 
fluid bed process under a pressure of <1000 psi. The use 
of these catalysts in these processes, however, has 
significant disadvantages. The catalysts of 
U S 3,922,322 provide polymers having a very high 
catalyst residue content, i.e., about 100 ppm of Ti and 
greater than about 300 ppm CI, according to the working 
example of this patent. Further, as disclosed in the 
working example of U.S. 3,922.322 the catalyst is used in 
the form of a prepolymer, and very high volumes of the 
catalyst composition must be fed to the reactor. The 
preparation and use of this catalyst thus requires the 
use of relatively large "sized equipment for the manu- 
facture, storage and transporting of the catalyst. 

The catalysts of U.S." 4,035,560 also apparently provide 
polymers having high catalyst residues, and the catalysts 
compositions are apparently pyrophoric because of the 
types and amounts of reducing agents employed in such 
catalysts . 



It has now been unexpectedly found that ethylene copoly- | 
mers having a wide density range of 0.91 to 0.96 and | 
a melt flow ratio of ^ 22 to < 32 an^ which have a j 
relatively low residual catalyst content can be produced ! 
at relatively high productivities for commercial purposes , 
by a gas phase process if the ethylene is copolymerized 
with one or more to Cq alpha olefins in the presence 
of a high activity magnesium-titaniTJm complex catalyst 
prepared, as described below, lander specific activation 
conditions with an organo aluminum compoxmd and an inert 
carrier material. 

! 

An object of the present invention is to provide a 
process for producing, with relatively high productivities 
and in a low pressure gas phase process, ethylene copoly- 
mers which have a density of about 0.91 to 0.96, a melt 
flow ratio of about 22 to 32 and a relatively low 
residml catalyst content. 

A further object of the present invention is to provide 
a process in which ethylene copolinners , which are xjse- 
ful for a variety of end-use applications, may be 
readily prepared. 

A still f\irther object of the present invention is to 
provide a variety of novel ethylene copolymers. 
Brief Description of The Drawings 

The drawing shows a gas phase fluid bed reactor system 
in which the catalyst system of the present invention 
may be employed. 

Descrip tion of The Preferred Embodiments 
It has now been found that the desired ethylene copoly- 
mers having a low melt flow ratio and a wide range of 
density val\ies can be readily produced with relatively 
high productivities in a low press\jire gas phase fluid 
bed reaction process if the monomer charge is poly- 
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merized lander a specific set of operating conditions, • 
as detailed "below, and in the presence of a specific 
high activity catalyst, as is also detailed below. 

The Ethylene Copolymers ! 

The copolymers which may he prepared in the process of i 

the present invention are copolymers of a major mol ^ 

percent (> 90%) of ethylene, and a minor mol percent | 

(< 10%) of one (copolymer) or more (ter-, tetra-polymers) j 

to Cg alpha olefins . The to Cg alpha olefins \ 

should not contain any branching on any of their carbon \ 

atoms which is closer than the fourth carbon atom. These ] 

alpha olefins include propylene, butene-1 , pentene-1 , \ 

hexene-1 , 4-methyl pentene-1 , heptene-1 , and octene-1. l 

The preferred alpha olefins are propylene, butene-1, i 

hexene-1 , 4-methyl pentene-1 , and octene-1. | 

i 

The copolymers have a mel"t flow ratio of > 22 to < 32, j 
and preferably of > 25 to < 30. The melt flow ratio | 
value is another means of indicating the molecular weight \ 
distribirtion of a polymer. The melt flow ratio (MFR) 
range of > 22 to < 32 thus corresponds to a M^/M^ value j 
range of about 2.7 to 4.1 and the MFR range of > 25 to | 
< 30 corresponds to a Mw7Mn range of about 2.8 to 3.5. [ 

^ I 

The copolymers have a density of about > 0.91 to < 0.95. | 
The density of the copolymer, at a given melt index level \ 
for the copolymer, is primarily regulated by the amount \ 
of the to Cg comonomer which is copolymerized with the \ 
ethylene. -In the absence of the comonomer, the ethylene 1 
would hom:polymerize with the catalyst of the present ' \ 
invention to provide homopolymers having a density of j 
about > 0.96. Thus, the addition of progressively larger | 
amounts of the comonomers to the copol3nners results in a \ 
progressive lowering of the density of the copolymer. The 
amount of each of the various C^ to Cg comonomers needed 
to achieve the same result will vary from monomer to 
monomer, under the same reaction conditions. ; 
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ThTis, to achieve the same results in the copolymers, 
in terms of a given density, at a given melt index 
level, larger molar amoimts of the different comonomers 
would be needed in the order of Cj>C^>C5>Cg>C^>CQ. 

The melt index of a copolymer is a reflection of its 
molecular weight. Polymers having a relatively high 
molecular weight, have a relatively low melt index. 
Ultrahigh molecular weight ethylene polymers have a 
high load (HLMI) melt index of about 0.0 and very high 
molecular weight polymers have a high load melt index 
(HLMI) of about 0.0 to about 1.0. Such high molecular 
weight polymers are difficult, if not impossible , to 
mold in conventional injection molding equipment. The 
polymers made in the process of the present invention, 
on the other hand, can be readily molded in such equip- 
ment. They have a standard or normal load melt index of 
> 0.0 to about 100, and preferably of about 0.5 to 80, 
and a high load melt index (Hmi) of about 11 to about 
2000. The melt index of ^he copolymers which are made 
in the process of the present invention is a function 
of a combination of the polsnnerization temperature of 
the reaction, the density of the copolymer and the hydro- 
gen/monomer ratio in the reaction system. Thiis, the 
melt index is raised by increasing the polymerization 
temperature and/or by decreasing the density of the 
polyroer and/or by increasing the hydrogen/monomer ratio.. 
In addition to hydrogen, other chain transfer agents 
such as dialkyl zinc compounds may also be used to 
f\arther increase the melt index of the copolymers. 

The copolymers of the present invention have an 
unsaturated group content of < 1 , and usually of > 0.1 
to < 0.3, 0=0/1000 carbon atoms. 

The copolymers of the present invention have a n-hexane 
extractables content (at 50^0) of less than about 3, ani 
preferably, of less than about 2 weight percent. 



The copol3nners of the present invention have a residual 
catalyst content, in terms of parts per million of 
titanixjm metal of the order of > 0 to c 20 parts per 

5 million (ppm) at a productivity level of > 50,000, and 
of the order of >0 to < 10 ppm at a productivity level 
of > 100,000 and of the order of >0 to < 3 parts per 
million at a productivity level of > 300,000. In terms 
of CI, Br or I residues, the copolymers of the present 

10 invention have a CI, Br or I residue content which 

depends upon the CI, Br or I content of the precursor. 
From the Ti to CI, Br or I ratio in the initial pre- 
cursor, it is possible to calculate CI, Br or I residues 
from the knowledge of the productivity level based on 

15 titanium residues only. For many of the copolymers of 
the present invention made only with CI containing 
components of the catalyst system (Cl/Ti = 7), one can 
calcTolate a CI residue content of >0 to < 140 ppm at 
a productivity of > 50,000, a CI content of >0 to < 70 

20 ppm at a productivity of ^ 100.000, and a CI content of 
>0 to < 20 ppm at a prod^uctivity of > 300,000. The co- 
polymers are readily produced in the process of the 
present invention at productivities of up to about 
1,000,000. 

25 

The copolymers of the present invention are graniolar 
materials which have an average particle size of the 
order of about 0.005 to about 0.07 inches and preferably, 
of about 0.02 to about 0.04 inches, in diameter. The 
(30 particle size is important for the purposes of readily 
I fluidizing the polymer particles in the fluid bed 

j reac-tor, as described below. The copolymers of the 

j present invention have a bulk density of about 15 to 31 

^ pounds per cubic foot. 

35 

For £ilm making purposes the preferred copolymers of the 
present invention are those having a density of > 0,912 
to < 0.940 and preferably of about > 0.916 to < 0.928; a 

I 
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molecular weight distribution (Mw/Mn) of > 2.7 to < 3.6, ' 
and preferably of about > 2.8 to 3.1; and a standard ! 
melt index of > 0.5 to < 5.0 and preferably of about ; 

> 0.1 to < 4.0. 

For the injection molding of flexible articles such as ; 
houseware materials, the preferred copolymers of the 
present invention are those having a density of > 0.920 \ 
to < 0.940 and preferably, of about > 0.925 to < 0.930; i 
a molecular v/eight distribution Mvz/Mn of > 2.7 to < 3.5, | 
and preferably, about > 2.8 to < 3-1; and a standard meltj 
index of > 2 to < 100 and preferably, of about > 8 to <80i 

For the injection molding of rigid articles such as pails,- 
the preferred copolymers of the present invention are 

those having a density of > 0.950 to < 0.958, and pre- i 

ferably, of about > 0.953 to < 0.955, a molecular weight I 

distribution (Mw/Mn) of > 2.7 to 3.5, and preferably \ 

of about > 2.8 to < 3.1, and a standard melt index of | 

> 1 to < 40, and preferably of about > 5 to < 20. | 

i 

High Activity Catalyst 

The compounds used to form the high activity catalyst 
used in the present invention comprise at least one | 
titanii:im compound, at least one magnesium compound, at \ 
least one electron donor compound, at least one 
activator compound and at least one inert carrier 
material, as defined below. : 

The titanium compoimd has the structure 

Ti(0R)^X^ 

wherein R is a to C^^ aliphatic or aromatic hydro- 
carbon radical, or COR' where R* is a to C^^ ali- 
phatic or aromatic hydrocarbon radical, 
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X is selected from the group consisting of CI, Br, I, or 
mixtures thereof, a is 0 or 1 , h is 2 to 4 inclusive 
and a + h = 3 or 4. 

The titanium compounds can be vised individually or in 
combinations thereof, and would include TiCl^, TiCl^, 
Ti(OCH3)Cl3, Ti(OC6H5)Cl3, 11(000^3)013 and 
Ti(OCOC5H3)Cl3. 

The magnesium compound has the structure 

MgXg 

wherein X is selected from the group consisting of 01, Br, 
I, or mixtures thereof. Such magnesium compounds can be 
used individually or in combinations thereof and would 
include MgCl2, MgBr2 and Mglg. Anhydrous MgClg is the 
particularly preferred magnesium compound. 

About 0.5 to 56, and preferably about 1 to 10, mols of 
the magnesium compound are used per mol of the titanium 
compound in preparing the catalysts employed in the 
present invention. 

The titanium compound and the magnesium compound should 
be used in a form which will facilitate their dis- 
solution in the electron donor compound, as described 
herein below. 

The electron donor compound is an organic compound which 
is liquid at 25°C and in which the titanium compound 
and the magnesium compound are partially or completely 
soluble. The electron donor compovmds are known as such 
or as Lewis bases. 



The electron donor compounds wo\ild include such compoomds 
as alkyl esters of aliphatic and aromatic carboxylic 
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acids, aliphatic ethers, cyclic ethers and aliphatic 
ketones. Among these electron donor compounds the 
preferable ones are alkyl esters of to satiarated 
aliphatic carboxylic acids; alkyl esters of Cj to Cg 
aromatic carboxylic acids; to Cg, and preferably to 
C^, aliphatic ethers; to cyclic ethers, and pre- 
ferably cyclic mono- or di-ether; to C^, and 
preferably to C^, aliphatic ketones; the most pre- 
ferred of these electron donor compounds woiild include 
methyl formate, ethyl acetate, butyl acetate, ethyl 
ether, hexal ether, tetrahydrofuran, dioxane, acetone 
and methyl isobutyl ketone. 

The electron donor compoxands can be used individually \ 
or in combinations thereof. 

About 2 to 85, and preferably about 3 to 10 mols of 
the electron donor compoxand are \jsed per mol of Ti, 

The activator compound has the strnicture 

wherein X» is CI or 0R"«, R" and R"» are the same or 
different and are C^ to C^^ saturated hydrocarbon 
radicals, d is 0 to 1.5, e is 1 or 0 and c + d + e = 3, 

Such activator compoijnds can be used individually .or in 
combinations thereof and woiad include AKCgH^)^, 
A1(C2H5)2C1, AKi-C^Hg)^, kl^{C^Vi^)^Cl^, Al(i-C^Hg)2H , 
AlCCgH^j)^, AKCqH^^)^, A1<C2H5)2H and A1(C2H5)2(0C2H5) . 

About 10 to 400, and preferably about 10 to 100, mols of 
the activator compoimd are used per mol of the titanium 
compound in activating the catalyst employed in the 
present invention. 
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The carrier materials are solid, particulate materials 
which are inert to the other components of the catalyst 
composition, and to the other active components of the 
reaction system. These carrier materials would include 
inorganic materials such as oxides of silicon and 
aliirainum and molecular sieves, and organic materials 
such as olefin polymers such as polyethylene. The carrier 
materials are used in the form of dry powders having an 
average particle size of about 10 to 250, and preferably 
of about 50 to 1'50 microns. These materials are also 
preferably porous and have a surface area of > 3, and 
preferably of > 50, square meters per gram. The carrier 
material should be dry, that is, free of absorbed water. 
Drying of the carrier material is carried out by heating 
it at a temperature of > 500^C, Alternatively, the 
carrier material dried at a temperature of > 200°C may 
be treated with about 1 to 8 weight percent of one or 
more of the aluminum alkyl compoionds described above. 
This modification of the support by the aluminum alkji 
compounds provides the catalyst composition with 
increased activity and also improves polirmer particle 
morphology of the resulting ethylene polymers. 

Catalyst Preparation 

The catalyst -used in the present invention is prepared 
by first preparing a precursor composition from the 
titanium compound, the magnesium compound, and the 
electron donor compound, as described below, and by then 
treating the precursor composition with the carrier 
material and the activator compoimd in one or more steps 
as described below. 

The precursor composition is formed by dissolving the 
titani-um compo\and and the magnesixom compcund in the 
electron donor compound at a -temperature of about 20^C 
up to the boiling point of the electron donor compoimd. 
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The titanium compound can be added to the electron donor 
compo\md before or after the addition of the magnesium 
compound, or concurrent therewith. The dissolution of 
the titanium compound and the magnesiimi compound can be 
facilitated by stirring, and, in some instances by re- 
fluxing, these two compounds in the electron donor 
compound. When the titanium compound and the magnesium 
compound are dissolved, the precursor composition is 
isolated by crystallization or by precipitation with a. 

to Cg aliphatic or aromatic hydrocarbon such as 
hexane, isopentane or benezene. 

The crystallized or precipitated precursor composition ' 
is isolated in the form of fine, free flowing particles 
having an average particle size of about 10 to 100 
microns and a bulk density of about 18 to 33 pounds per 
cubic foot. 

Particle sizes of < 100 ^ are preferred for tise in a 
fluid bed process. The particle size of the isolated 
precursor composition can be controlled by the rate of 
crystallization or precipitation* 

When thus made as disclosed above, the precursor 
composition has the formula 

Mg^Ti3^(OR)^XpfED3^ 

wherein ED is the electron donor compoxind, 

m is > 0.5 to < 56, and preferably > 1.5 to <5.0, 

n is 0 to 1 , 

p is > 6 to ^ 116, and preferably > 6 to < 14, 
q is > 2 to < 85, and preferably > 4 to <: 11, 
RisaC^ "toC^^ aliphatic or aromatic hydro- 
carbon radical, or COR' wherein R' is a to C-^^ ali- 
phatic or aromatic hydrocarbon radical and, 

X is selected from the group consisting of CI, 
Br, I, or mixture thereof. 
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The subscript for the element titanium (Ti) is the 
arabic nxomeral one . 

The polymerization activity of the completely activated 
catalyst is so high, in the process of the invention, 
that a dilution of the precursor composition with the 
carrier material is necessary in order to effectively 
control the reaction rate. The dilution of the precursor 
composition can be accomplished before the precursor 
composition is partially or completely activated, as 
disclosed below, or concurrent with such activation. 
The dilution of the precursor composition is accomplishec 
by mechanically mixing or blending about 0,033 to 1, 
and preferably about 0.1 to 0.33, parts of the precursor 
composition with one part by weight of the carrier 
material. 

In order to be used in the process of the present 
invention the precursor composition must be fully or 
completely activated, that is, it must be treated with 
sufficient activator compound to transform the Ti atoms 
in the precui^or composition to an active state. It has 
been found, however, that the manner of activating the 
catalyst is very critical in order to obtain an active 
material, even when an inert carrier is present. 
Attempts to activate the catalyst by a process similar 
to that of U.S. 3,989,881, for example, wherein the 
total amount of reducing agent theoretically needed to 
fully activate the catalyst was added to the prectirsor 
composition in a hydrocarbon slurry, followed by drying 
of the slurry at temperatures of > 20 to < 80°C to 
remove the solvent therefrom to facilitate the use of 
the catalyst in a gas phase process, produced a product 
which was not sufficiently active in the gas phase 
fluid bed process otherwise described below for 
commercial purposes. 
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It has been fo-und that, in order to prepare a useful 
catalyst, it is necessary to conduct the activation in 
such a way that, at least, the final activation stage 
must be conducted in the absence of solvent so as to avoid 
the need for drying the tvlly active catalyst to remove 
solvent therefrom. Two procedures have been developed to 
accomplish this result. In one procedure, the precursor 
composition is completely activated, outside the reactor, 
in the absence of solvent, by dry blending the precursor 
composition with the activator compoiond. In this dry 
blending procedure the activator compoiand is xised while 
absorbed on a carrier material. This procediire had a 
disadvantage, however, in that the resulting dry, fiilly 
activated catalyst is pyrophoric where it contains >10 
weight percent of the activator compoiond. 

In the second, and preferred, of such catalyst activation 
procedures , the precursor composition is partially 
activated outside the polymerization reactor with 
activator compound in a hydrocarbon slurry, the hydrocarbon 
solvent is removed by drying and the partially activated | 
precxirsor composition is fed to the polymerization reactor I 
viiiere the activation is completed with additional activatorj 
compo-und which can be the same or a. different compound. | 

Thus, in the dry blending catalyst making procedure the | 
solid particulate precursor composition is added to and I 
evenly blended with solid particles of porous carrier j 
material wherein the activator compound is absorbed. The 
activator compound is absorbed on the carrier material, 
from a hydrocarbon solvent "solution of the activator 
compound, so as to provide a loading of about 10 to 50 
weight percent of activator compovmd on 90 to 50 weight 
percent of carrier material. The amounts of the preciarsor 
composition, activator compomd and carrier material that 
are employed are such as to provide the desired Al/Ti 



- 17 - 0004645 

molar ratios and to provide a final composition having 
a weight ratio of precursor composition to carrier 
material of less than about 0.50, and preferably of less 
than about 0.33. This amount of carrier material thus 
provides the necessary dilution therewith of the 
activated catalyst so as to provide the desired control 
of the polymerization activity of the catalyst in the 
reactor. Where the final compositions contain about 
> 10 weight percent of the activator compound, they will 
be pyrophoric. During the dry blending operation, which 
may be conducted at ambient (25^0) or lower temperatures, 
the dry mixtijire is well agitated to avoid any heat 
build-up during the ensuing reduction reaction which is 
exothermic, initially. The resulting catalyst is thus 
completely reduced and activated and can be fed to, and 
used as such in, the polymerization reactor. It is a 
free-flowing particulate material . 

In the second, and preferred catalyst activation pro- 
cedure, the activation is conducted in at least two 
stages. In the first stage the solid particulate pre- 
cursor composition, diluted with carrier material, is 
reacted with and partially reduced by enough activator 
compound so as to provide a partially reduced precursor 
composition which has an activator compound/Ti molar 
ratio of about 1 to 10:1 and preferably of about 
4 to 8:1. This partial activation reaction is preferably 
carried out in a hydrocarbon solvent slurry followed by 
drying of the resi£Lting mixture, to remove the solvent, 
at temperatures between 20 to 80, and preferably of 
50 to 70^0. In this partial activation procedure the 
activator conpoxmd may be used while absorbed on the 
carrier material used to dilute the activator compound. 
The resulting product is a f3?ee-flowing solid particulate 
material which can be readily fed to the pol3mieri2ation 
reactor. The partially activated precursor composition, 
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however, is, at best, weakly active as a polymerisation 
catalyst in the process of the present invention. In 
order to render the partially activated precursor 
composition active for ethylene polymerization purposes, 
additional activator compound must also be added to the' 
polymerization reactor to complete, in the reactor, the 
activation of the precursor composition. The additional 
activator compound and the partially activated precursor 
composition are preferably fed to the reactor through 
separate feed lines. The additional activator compound 
may be sprayed into the reactor in the form of a 
solution thereof in a hydrocarbon solvent such as iso- 
pentane, hexane , or mineral oil. This solution usually 
contains about 2 to 30 weight percent of the activator 
compound. The activator compound may also be added to 
the reactor in solid form, by being absorbed on a 
carrier material. The carrier material usually contains 
10 to 50 weight percent of the activator for this 
purpose. The additional activator compound is added to 
the reactor in such amounts as to provide, in the reactor 
with the amounts of activator compound and titanium 
compound fed with the partially activated precursor 
composition, a total Al/Ti molar ratio of about 10 to 
400 and preferably of about 15 to 60. The additional 
amounts of activator compound added to the reactor, 
react with, and complete the activation of, the titanium 
compound in the reactor. 

In a continuous gas phase process , such as the fluid bed ^ 
process disclosed below, discrete portions of the 
partially or completely 'activated precursor composition 
are continuously fed to the reactor, with discrete 
portions of any additional activator compound needed to 
complete the activation of the partially activated 
precursor composition, during the continuing poly- 
merization process in order to replace active catalyst 
Sites that are expended during the course of the reaction. 
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The Polymerization Reaction 

The polymerization reaction is conducted by contacting 
a stream of the monomers, in a gas phase process, such 

5 as in the fluid bed process described below, and 

substantially in the absence of catalyst poisons such 
as moisture, oxygen, CO, CO^, and acetylene with a 
catalytically effective amoimt of the completely activ- 
ated precursor composition (the catalyst) at a 

10 temperature and at a pressure sufficient to initiate 
the polymerization reaction* 

In order to achieve the desired density ranges in the 
copolymers it is necessary to copolymerize enough of 
15 the > comonomers with ethylene to achieve a level of 
> 0 to 10 mol percent of the to Cg comonomer in the 
copolymer. The amoimt of comonomer needed to achieve 
this result will depend on the particular comonomer (s) 
employed. 

20 

There is provided below a listing of the amounts, in 

mols, of various comonomers that must be copolyraerized 

with ethylene in order to provide poljnners having the 

desired density range at any given melt index. The list- 

25 ing also indicates the relative molar concentration, of 

such comonomer to ethylene, which should be present in 

the gas stream of monomers which is fed to the reactor. 

Gas Stream 
mol % needed Comonomer/Ethylene 
Comonomer in copolyiffer molar ratio 



propylene 


> 0 


to 


10 


>0 


to 


0.9 


butene-1 


>0 


to 


7.0 


>0 


to 


0.7 


pentene-1 


>o 


to 


6.0 


>0 


to 


0.45 


hexene-1 


>0 


to 


5.0 


>0 


to 


0.4 


octene-1 


>0 


to 


4.5 


>0 


to 


0.35 



35 

A fluidized bed reaction system which can be used in 
the practice of the process of the present invention is 



illustrated in Figure 1. With reference thereto the"^^"^^ 
reactor 10 consists of a reaction zone 12 and a velocity 
reduction zone 14. 

The reaction zone 12 comprises a bed of growing polymer 
particles , formed polymer particles and a minor amount 
ox catalyst particles fluidized by the continuous flow 
of polymerlzabie and modifying gaseous components in 
the form of make-up feed and recycle gas through the 
reaction zone. To maintain a viable fluidized bed, the 
mass gas flow rate through the bed must be above the 
minimum flow required for fluidlzation, and preferably 
from about I.5 to about 10 times G^^ and more preferably 
from about 3 to about 6 times G,,."^^^„^ 13 used in the 
accepted fox. as the abbreviation fof the minimum mass 
gas flow required to achieve fluidlzation, C.Y. Wen and 
Y.H. Yu, "Mechanics of Fluidlzation", Chemical 
Engineering Progress Symposium Series, Vol. 62, p.l00-lil 

It is essential that the bed always contains particles 
to prevent the formation of localized "hot spots" and to 

the rLT particulate catalyst throughout 

the reaction zone. On start up, the reaction zone "is 
usually charged with abase of particulate polymer 
particles before gas flow is initiated. Such particles 
may be identical in nature to the polymer to be fonaed 
or different therefrom. When different, they are with- . 
drawn with the desired formed polymer particles as the I 
first product. Eventually, a fluidized bed of the desired 
polymer particles supplahts the start-up bed. 

The partially or completely activated precursor compound 
(the catalyst) used in the fluidized bed is preferably 
stored for service in a reservoir 32 under a blanket of a 
gas Which is inert to the stored material, such as 
nitrogen or argon. 
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Fluidization is achieved by a high rate of gas recycle 
to and through the bed, typically in the order of about 
50 times the rate of feed or make-up gas. The fluidized 
bed has the general appearance of a dense mass of viable 
particles in possible free-vortex flow as created by the 
percolation of gas through the bed. The pressure drop 
through the bed is equal to or slightly greater than 
the mass of the bed divided by the cross-sectional area. 
It is thus dependent on the geometry of the reactor. 

Make-up gas is fed to the bed at a rate equal to the 
rate at which particulate polymer product is withdrawn. 
The composition of the make-up gas is determined by a 
gas analyzer 16 positioned above the bed. The gas analyze]^ 
determines the composition of the gas being recycled and 
the composition of the make-up gas is adjusted accordingly 
to maintain an essentially steady state gaseous 
composition within the reaction zone. 

To Insvire complete fluidization, the recycle -gas and, 
where desired, part of the make-up gas are returned to 
the reactor at point 18 below the bed. There exists a 
gas distribution plate 20 above the point of retiarn to 
aid fluidizing the bed. 

The portion of the gas stream which does not react in 
the bed constitutes the recycle gas which is removed 
from the polymerization zone, preferably by passing it 
into a velocity reduction zone 14 above the bed where 
entrained particles are given an opportimity to drop 
back into the bed. Particle reti^rn may be aided by a 
cyclone 22 which may be part of the velocity reduction 
zone or exterior thereto. V/here desired, the recycle gas 
may then be passed tlirough a filter 24 designed to 
remove small particles at high gas flow rates to prevent 
d\ist from contacting heat transfer surfaces and compressoi 
blades . 
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The recycle gas is then compressed in a compressor 25 
and then passed through a heat exchanger 26 wherein it 
is stripped of heat of reaction before it is returned 
to the bed. By constantly removing heat or reaction, no 
noticeable temperature gradient appears to exist within 
the upper portion of the bed. A temperature gradient will 
exist in the bottom of the bed in a layer of about 6 to 
12 inches, between the temperature of the inlet gas and 
the temperature of the remainder of the bed. Thus, it 
has been observed that the bed acts to almost immediately 
adjust the temperature of the recycle gas above this 
bottom layer of the bed zone to make it conform to the 
temperature of the remainder of the bed thereby main- 
taining itself at an essentially constant temperature 
imder steady state conditions. The recycle is then 
returned to the reactor at its base 18 and to the 
fluidized bed through distribution plate 20. The 
compressor 25 can also be placed upstrem of the heat 
exchanger 26. 

The distribution plate 20 plays an important role in the 
operation of the reactor. The fluidized bed contains 
growing and formed particialate polymer particles as well 
as catalyst particles. As the polymer particles are hot 
and possibly active, they must be prevented from settling; 
for if a quiescent mass is allowed to exist, any active 
catalyst contained therein may continue to react and 
cause fusion. Diffusing recycle gas through the bed 
at a rate sufficient to maintain fluidization at the base 
of the bed is, therefore, important. The distribution 
plate 20 serves this purpose and may be a screen, slotted 
plate, perforated plate, a plate of the bubble cap type, 
and the like. The elements of the plate may all be 
stationary, or the plate may be of the mobile type dis- 
closed in U.S. 3,298,792, Whatever its design, it must 
diffuse the recycle gas through the particles at the base 
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of the bed to keep them in a fluidized condition, and 
also serve to support a quiescent bed of resin particles 
when the reactor is not in operation. The mobile elements 
of the plate may be used to dislodge any polymer 
particles entrapped in or on the plate . 

Hydrogen may be used as a chain transfer agent in the 
polymerization reaction of the present invention. The 
ratio of hydrogen/ethylene employed will vary between 
about 0 to about 2.0 moles of hydrogen per mole of the 
monomer in the gas stream. 

Any gas inert to the catalyst and reactants can also be 
present in the gas stream. The activator compoiind is pre- 
feraWy added to the reaction system at the hottest 
portion of the gas which is usually downstream from heat 
exchanger 26. Thus, the activator may be fed into the 
gas recycle system from dispenser 2? thru line 27A. 

Compounds of the structure Zn(R^)(R^), wherein and R^ 
are the same or different to C^^ aliphatic or aromatic 
hydrocarbon radicals, may be used in conoxmction with 
hydrogen, with the catalysts of the present invention as 
molecular weight control or chain transfer agents, that 
is, to increase the melt index values of the copolymers 
that are produced. About 0 to 50, and preferably about 
20 to 30, mols of the Zn compoimd (as Zn) would be used 
in the gas stream in the reactor per mol of titani\:im 
compound (as Ti) in the reactor. The zinc compound would 
be introduced into the reactor preferably in the form of 
a dilute solution (2 to '30 weight percent) in hydrocarbon | 
solvent or absorbed on a solid diluent material, such as 
silica, of the types described above, in amounts of about 
10 to 50 weight percent. These compositions tend to be 
pyrophoric. The zinc compound may be added alone, or with 
any additional portions of the activator compound that 
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are to be added to the reactor from a feeder, not shown, 
which could be positioned adjacent dispenser 27, near 
the hottest portion of the gas recycle system. 

It is essential to operate the fluid bed reactor at a 
temperature below the sintering temperature of the 
polymer particles. To insure that sintering will not 
occur, operating temperatures below the sintering 
temperature are desired. For the production of ethylene 
copolymers in the process of the present invention an 
operating temperature of about 30 to 115°C is preferred, 
and a temperature of about 75 to 95^C is most preferred. 
Temperatures of about 75 to 90^C are used to prepare 
products having a density of about 0.91 to 0.92 and 
temperatures of about 80 to 100^0 are used to prepare 
products having a density of about >0.92 to 0.94, and 
temperatures of about 90 to 115^0 are used to prepare 
products having a density of about >0.94 to 0.96. 

The fluid bed reactor is operated at pressures of up to 
about 1000 psl, and is preferably operated at a pressure 
of from about 150 to 350 psi, with operation at the 
higher pressures in such ranges favoring heat transfer 
since an increase in pressure increases the unit volume 
heat capacity of the gas . 

The partially or completely activated precursor 
composition is injected into the bed at a rate equal to 
its cons^jimption at a point 30 which is above the dis- 
tribution- plate 20. Injecting the catalyst at a point 
above the distribution plate is an important feature of 
this invention. Since the catalysts used in the practice 
of the invention are highly active, injection of the 
fully activated catalyst into the area below the dis- 
tribution plate may cause polymerization to being there 
and eventually cause plugging of the distribution plate. 
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Inaection into the viable bed, instead, aids in dis- 
tributing the catalyst throughout the bed and tends to 
preclude the foiTnation of localized spots of high 
catalyst concentration which may result in the formation 
of "hot spots". 

A gas which is inert to the catalyst such as nitrogen or 
argon is used to carry the partially or completely reduced 
preciorsor composition, and any additional activator 
compound or non-gaseous chain transfer agent that is 
needed, into the bed. 

The production rate of the bed is controlled by the rate 
of ca^talyst injection. The production rate may be 
increased by simply increasing the rate of catalyst 
injection and decreased by reducing the rate of catalyst 
injection. 

Since any change in the rate of catalyst injection will 
change the rate of generation of the heat of reaction, 
the temperature of the recycle gas is adjusted upwards or 
downwards to accomodate the change in rate of heat 
generation. This insures the maintenance of an essentially 
constant temperature in the bed. Complete instrumentation 
of both the fluidized bed and the recycle gas cooling 
system', is, of course, necessary to detect any temperature 
change in the bed so as to enable the operator to make 
a suitable adjustment in the temperature of the recycle 
gas. 

Under a given set of operating conditions, the fluidized | 
bed is maintained at essentially a constant height by 
withdrawing a portion of the bed as product at a rate 
equal to the rate of formation of the particulate polymer 
product. Since the rate of heat generation is directly 
related to product formation, a measurement of the 
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temperature rise of the gas across the reactor (the 
difference between inlet gas temperatiore and exit gas 
temperature) is determinative of the rate of particulate 
polymer formation at a constant gas velocity. 

The particulate polymer product is preferably continuously 
withdrawn at a point 34 at or close to the distribution 
plate 20 and in suspension with a portion of the gas 
stream which is vented before the particles settle to 
preclude further polymerization and sintering when the 
particles reach their ultimate collection zone. The 
suspending gas may also be used, as mentioned above, to 
drive the product of one reactor to another reactor. 

The particulate polymer product is conventiently and pre- 
ferably withdrawn through the sequential operation of a 
pair of timed valves 36 and 38 defining a segregation 
zone 40. "While valve 38 is closed, valve 36 is opened to 
emit a plug of gas and product to the zone 40 between it 
and valve 36 which is then closed. Valve 38 is then 
opened to deliver the product to an external recovery 
zone. Valve 38 is then closed to await the next product 
recovery operation. 

Finally, the fluidized bed reactor is equipped with an 
adequate venting system to allow venting the bed during 
start up and shut down. The reactor does not require the 
use of stirring means and/or wall scraping means. 

The highly active supported catalyst system of this 
invention appears to yield a fluid bed product having 
an average particle size between about 0.005 to about 
0.07 inches and preferably about 0.02 to about 0.04 
inches . 

The feed stream of gaseovis monomer, with or without inert 
gaseoTos diluents, is fed into the reactor at a space 
time yield of about 2 to" 10 pounds /hours /cubic foot of 
bed voltime. 
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The term virgin resin or polymer as used herein means 
polymer, in granular form, as it is recivered from the 
polymerization reactor. 

The following Examples are designed to illustrate the 
process of the present invention and are not intended as 
a limitation upon 1he scope thereof. 

The properties of the polymers produced in the Examples 
were determined by the following test methods: 
Density por materials having a density 

< 0.940, AS TM- 1505 procedure is 
used and plaque is conditioned 
^ for one hour at 100°C to app3?oach 

equilibrium crystallinity. For 
materials having a density of 
> 0.940, a modified procedure is 
used wherein the test plaque is 
conditioned for one hoiir at 
120 C to approach equilibrium 
crystallinity and is then quiclcLy 
cooled to room temperature. All 
density values are reported as 
grams/cm^. All density measure- 
ments are made in a density 
gradient column. 

Melt Index (MI) ASTM D-1238 - Condition E - 

Measured at 190°C - reported as 
grams per 10 minutes. 

Flow Rate -(HLMI) ASTM D-1238 - Condition F - 

' Measured at 10 times the weight 
used in the melt index test 
above . 

Melt Flow Ratio (MFR) = F low Rate 

Melt Index 



Productivity 



Film Rating 



n-hexane extractables 
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A sample of the resin product 
is ashed, and the weight % of 
ash is determined; since the ash 
is essentially composed of the 
catalyst, the productivity is 
thus the pounds of polymer pro- 
duced per pound of total catalyst 
consximed. The amount of Ti, Mg 
and CI in the ash are determined 
by elemental analysis. 
A sample of film is viewed with 
the naked eye to note the size 
and distribution of gels or 
other foreign particles in 
comparison to standard film 
samples. The appearance of the 
film, as thus compared to the 
standard samples is then given 
a rating on a scale of -100 
(very poor) to +100 (excellent). 
(FDA test used for polyethylene 
film intended for food contact 
applications). A 200 square inch 
sample of 1.5 mil gauge film is 
cut into strips measuring 
1" X 6" and weighed to the 
nearest 0.1 mg. The strips are 
placed in a vessel and extracted 
with 300 ml of n-hexane at 50 
± 1°C for 2 hours. The extract 
is then decanted into tared 
culture dishes. After drying the 
extract in a vacuum desiccator, 
the culture dish is weighed to 
the nearest 0.1 mg. The ex- 
tractables , normalized with 
respect to the original sample 
weight, is then reported as the 



Bulk density 



Molecular Weight 

Distribution 

(Mw/Mn) 
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weight fraction of n-hexane 
extractables . 

The resin is poured, via 3/8" 
diameter fxmnel into a 100 ml 
graduated cylinder to 100 ml 
line without shaking the 
cylinder, and weighed by 
difference . 

Gel Permeation Chromatography 
for resins with density <0.94: 
S tyro gel Packing: (Pore Size 
Sequence is 10*^, 10^, 10^ , 
6o %") Solvent is Perchloro- 
ethylene at 117°C. For resins 
with density > 0.94: 
Styrogel Packing: (Pore Size 



10^, 



10^, 



10^, 



10' 



Sequence is 10^, 
o 

60 A) Solvent is ortho dichloro 
benzene at 135°C. 
Detection for all resins: 
Infra red at 3.45 ya. 

ExamTJles 

I' Preparation of Precurson Composition 
In a 5 liter flask equipped with a mechanical stirrer, 
16.0 g (0.168 Mol) of anhydrous MgCl2 mixed with 
850 ml of pure tetrahydrofiaran lander nitrogen. The 
mixture was stirred at room temperature (■~25°C) while 
13.05 g (0.069 Mol) of TiCl^ was added dropwise. After 
complete -addition, the contents of the flask were heated 
to reflux for about 1/Z to 1 hour to dissolve the solids. 
The system was cooled to room temperature and 3 liters 
of pure n-hexane was slowly added over a period of 1/4 
hour. A yellow solid precipitated. The supernatant was 
decanted and the solids were washed with 3X one liter 
of n-hexane. The solids were filtered and dried in a 
rotating evaporating flask at 40-60°c" to give 55 g of 
solid precursor composition. 
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The precursor composition may be analyzed at this point 
for Mg and Ti content since some of the Mg and/or Ti 
compoimd may have been lost during the isolation of the 
precursor composition. The empirical formulas used 
herein in reporting these precursor compositions are 
derived by assuming that the Mg and the Ti still exist 
in the form of the compounds in which they were first 
added to the electron donor compound and that all other 
residual weight in the precursor composition is due to 
the electron donor compound, j 

Analysis of the solid showed the following: 

Mp: 6.1^^; Ti: 4.9%; which corresponds to TiMg2 45^13 g 

(THF)7^Q. 

THF means tetrahydrof uran. 
II. Activation Procedures 

Procedure A - This procedixre relates to a multistep 
activation of the precursor composition. In this pro- 
cedure the activation is conducted in such a way that 
the precursor composition is only partially reduced prior 
to the introduction thereof into the polymerization 
reactor, and then the remainder of the reduction process 
is completed within such reactor. 

The desired weight of dry inert carrier material is 
charged to a mixing vessel or tank. For the examples 
described herein the amo-unt of inert carrier is about j 
500 grams for silica and about 1000 grams for a poly-- | 
ethylene carrier. The inert carrier material is then \ 
admixed with sufficient amounts of arJiydrous , aliphatic \ 
hydrocarbon diluent such as isopentane to provide a 
slurry system. This usually requires about. 4 to 7 ml of 
diluent per gram of inert carrier. The desired weight of 
the precursor composition is then charged to the mixing 
vessel and thoroughly admixed with the slurry composition 
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The amount of precursor composition used in this pro- 
cedure for making the catalysts in these examples is 
about 80 to 135 grams, with such precursor composition 
having an elemental titanium content of 1 i 0.1 millimole ! 
of Ti per gram of precursor composition. 

I 

The desired amoiont of activator compound needed to ! 
partially activate the precursor composition is added to | 
the contents of the mixing vessel so as to partially | 
activate the precursor composition. The amount of | 
activator compound used in this regard provides an Al/Ti 
ratio in the partially reduced precursor composition of 
>0 to <10:1 and preferably of 4 to 8:1. The activator 
compoimd is added to the mixing tank in the form of a 
solution which contains about 20 weight percent of the 
activator compound (triethyl aluminum in these examples) 
in an inert aliphatic hydrocarbon solvent (hexane in 
these examples). The activation is accomplished by 
thoroughly mixing and contacting the activator compound 
with the precursor composition. All of the operations 
described above are conducted at room temperature, and 
at atmospheric pressure in an inert atmosphere. 

The resulting slurry is then dried ijinder a purge of dry 
inert gas such as nitrogen or argon, at atmospheric 
pressure at a temperature of < 60^C to remove the hydro- 
carbon diluent. This process usually requires about 3 to 
5 hours. The resulting product is in the form of a dry I 
free-flowing particulate material wherein the activated j 
precursor- composition is uniformly blended with the inert j 
carrier. The dried product is stored "under an inert gas. j 

t 

"Where additional activator compound is fed to the poly- 
merization reactor in this Procedure A for the purposes 
of completing the activation of the precursor composition, 
it may be first absorbed on an inert carrier material 
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such as silica or polyethylene, or, most preferably, it 
may be injected into the reaction zone as a dilute 
solution in a hydrocarbon solvent such as isopentane. 

VThere the activator compound is to be absorbed on a 
silica support, the two materials are mixed in a vessel 
containing about 4 ml of isopentane per gram of carrier 
material. The resulting slurry is then dried for about 
3 to 5 hours lander a purge of nitrogen at atmospheric 
pressure at a temperature of 65 ± 10°C to remove the 
hydrocarbon diluent. 

VHiere the activator compound is to be injected into the 
polymerization reaction system as a dilute solution, 
concentrations of about 5 to 10% by weight are preferred. 

Regardless of the method used to introduce the activator 
compound into the polymeri7ation reactor for the purpose 
of completing the activation of the precursor composition^ 
it is added at a rate such as to maintain the Al/Ti ratio 
in the polymerization reactor at a level of > 10 to 400:1 
and preferably of > 10 to 100:1. 

Prior to being used herein, the silicas are dried at 
> 200°C for > 4 hours. 

Procedure B - In this procedure a complete activation of 
the precursor composition is accomplished by blending the 
precursor composition with, and thereby contacting it 
with, the. activator compound which is sibsorbed on an 
inert carrier material. 

The activator compoijnd is absorbed on the inert carrier 
material by being slurried with the carrier material in I 
an . inert hydrocarbon solvent and by then drying the slmxy 
to remove the solvent so as to provide a composition 
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containing about 10 to 50 weight percent of activator 
compoimd. Thus, 500 grams of silica which has been pre- 
viously dehydrated (at 800°C for 4 hours) is charged 
5 to a mixing vessel. 

The desired amount of activator compound, as a 20 weight 
percent solution in hydrocarbon solvent, such as hexane, 
is then added to the mixing vessel and mixed (sliirried) 

10 with the inert carrier at room temperature and 

atmospheric pressure. The solvent is then removed by 
drying the resiAlting slurry at 65 ± 10°C for about 3 to 
/ 5 hours at atmospheric pressure mder a flowing stream 
of dry inert gas such as nitrogen. The dried composition 

15 is in the form of free-flowing particles having the size 
of the carrier material. 

About 500 grams of the dried silica supported activator 
compotmd (50/50 weight percent of silica/activator 

20 compound) is then added to a mixing vessel. The desired 
weight of precursor composition (80-100 grams) is also 
added to the mixing vessel. The materials are then 
thoroughly mixed for about 1 to 3 hoiars at room 
temperature at atmospheric pressure under a dry inert gas 

>5 such as nitrogen or argon. The restating composition is 
in the fonn of a physical admixture of dry free -flowing 
particles having a size of the order of 10 to 150 microns, 
During the admixing operation the supported activator 
compomd comes into contact with the precursor composition 

» and completely activates it. 

During the restating exothermic reaction the temperature 
of the catalyst composition should not be allowed to 
exceed 50°C so as to avoid any significant deactivation 
i5 of the catalyst. The resiilting activated composition has 
an Al/Ti ratio of about 10 to 50 and may be pyrophoric 
where it contains >10 weight percent of the activator 
compomd. It is stored under a dry inert gas such as 
nitrogen or argon prior to being injected into the 
reactor. 
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Exam-pies 1 to 15 

Ethylene was copolymerized with propylene or butene-1 
(propylene in Examples 1 to 7 and butene-1 in Examples 8 

5 to 15) in each of this series of 15 examples with 

catalyst formed as described above and as activated 
by Activation Procedure A to produce polymers having a 
density of > 0.940. In each case the partially activated 
precursor composition had an Al/Ti mol ratio of 2.4 to 

10 5.0. The completion of the activation of the precursor 

composition in the polymerization reactor was accomplished 
with triethyl aluminum as either a 2.6 or 5 weight % 
solution in isopentane so as to provide the completely 
activated catalyst in the reactor with an Al/Ti mol 

15 ratio of about 12 to 47. 

Each of the polymerization reactions was continuously 
conducted for >1 hour after equilibrium v/as reached and 
under a pressure of about 300 psig and a gas velocity 

20 of about 5 to 5 times G^^^^ in a fluid bed reactor system 
at a space time yield of about 3 'to 6 Ibs/hr/ft-^ of bed 
space. The reaction system was as described in the 
drawing above. It has a lower section 10 feet high and 
13 1/2 inches in (inner) diameter , and an upper section 

25 which was 15 feet high and 23 1/2 inches in (inner) 
diameter. 

i 

In several of the examples zinc diethyl was added during j 
the reaction (as a 2.6 weight % solution in isopentane) | 
30 to maintain a constant Zn/Ti mol ratio where the zinc \ 
diethyl was used, the triethyl aluminum v;as also added 
as a 2.6 weight % solution in isopentane. 

Table I below lists, with respect to Exam.ples 1 to 15 
35 various operating conditions employed in such examples 

i.e., the weight % of precursor composition in the , blend 
of silica and precursor composition; Al/Ti ratio in the 
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partially activated precursor composition, Al/Ti ratio 
maintained in the reactor; polymerization temperature; 
% by voliame of ethylene in reactor; Hg/ethylene mol 
ratio; comonomer (C^)/C2 ^lol ratio in reactor; catalyst 
productivity and Zn/Ti mol ratio. Table II below lists 
properties of the granular virgin resins made in 
Examples 1 to 15 j i.e., density; melt index (M.I.); melt 
flow ratio (MFR) ; weight % ash; Ti content (ppm) , biilk 
density and average particle size. 
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Examples 16 to 28 " " 0004645 

Ethylene was copolymer! zed with propylene o.r butene-1 
(propylene in Examples 16 to 17 and butene-l in Examples 
18 to 28) in each of this series of 14 examples with 
catalyst formed as described above and as activated by 
Activation Procedure A to produce polymers having a 
density of < 0.940.In each case, the partially activated 
precursor composition had an Al/Ti raol ratio of 4.4 to 
5.8. The completion of the activation of the precursor 
composition in the polymerization reactor was 
accomplished with triethyl aluminum (as a 5 weight % 
solution in isopentane in Examples 16 to 18 and 21 to 28, 
and adsorbed on silica, 50/50 weight %, in Examples 19 
and 20) so as to provide the completely activated catalyst 
in the reactor with an Al/Ti mol ratio of about 29 to 140. 

Each of the reactions were conducted as in Examples 1 to 
15. Table III lists operating conditions used in 
Examples 16 to 28 and Table IV lists properties of the 
granular virgin resins made in such examples. 
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Unsaturation is measured with an infrared spectrophoto- 
meter (Perkin Elmer Model 21). Pressings made from the 
resin which are 25 mils in thickness are \ised as test 
specimens. Absorbance is measured at 10.35 ^ for trans 
vinylene unsaturation, 11*0yU for terminal 
vinyl unsaturation and 11.25 for pendant vinylidene 
unsaturation. The absorbance per mil of thickness of the 
pressing is directly proportional to the product of un- 
saturation concentration and absorptivity, Absorptivities 
are taken from the literature values of R,J, deKock, et al, 
J. Polymer Science, Part B, 2, 339 (1964). 

The residues in the above mentioned formulae have the 
following preferred definitions: 

C^l^^j^alkyl, Cg^^^aryl 

especially C-^_g and preferably C^^galkyl; 

^e-io^^y^- 

E.G. methyl, ethyl, propyl, i-propyl, butyl, i-butyl, 
pentyl, hexyl, octyl, i-octyl, nonyl, decyl, 
dodecyl, tetradecyl; phenyl, tolyl, xylyl, ethyl- 
phenyl, naphtyl. 

R* : as R 

R" and R" » : aliphatic C^_^^ residues as uiider R, including 
cycloaliphatic residues with prefei-^bly 5-10 
carbon atoms as cyclopentyl, cyclohexyl, cycle- 
heptyl, methylcyclohexyl. 



WHAT IS CLAIMED IS: 0004645 
1 . A catalytic process for producing ethylene copolymer 
with a Ti containing catalyst at a productivity of 

> 50,000 pounds of polymer per pound of Ti under a pressure 
of <1000 psi in the gas phase 

said polymer being produced in granular form and having a 
density of > 0.91 to < 0.96 and a melt flow ratio of 

> 22 to < 32, 

which comprises copolymerizing ethylene with one or more 
C to Cg oc-olef in monomers at a temperature of ahout 
30 to 115°C by contacting the monomer charge with, in the 
presence of about 0 to 2.0 mol of hydrogen per mol of 
ethylene in a gas phase reaction zone, particles of a 
catalyst system, comprising 

an activated precursor composition wherein said precursor 
composition has the form\iLa 

Mg^Ti3_(0R)^Xp[EDjq 

wherein m is > 0.5 "bo < 56 
n is 0 or 1 

p jp > 6 ■to<^^6 

q is > 2 to < 85 

R is a to"c^£^ aliphatic or aromatic hydrocarbon 
radical, or COR' wherein R' is a to C^^ aliphatic or | 
aromatic hydrocarbon radical, i 
' X is selected from the group consisting of 01, Br, *• 

I, or mixtures thereof, I 

ED is a liquid organic electron donor compound in 
which said precursor composition and the Ti and Mg j 
components- thereof are soluble and which is selected from i 
the group consisting of alkyl esters of aliphatic and | 
aromatic carboxylic acids, aliphatic ether?, cyclic ethers! 
and aliphatic ketones, i 
said precursor composition being diluted with at least j 
one solid inert carrier material and being either 
completely activated, prior to the feeding of the activ- 
ated precursor composition to said reaction zone with 



■ - 2 - 00046<5 

> 10 "to < 400 fflols of carrier absorbed activator compoiOiid 
per fliol of titanium compound in said precursor composition 
so as to thereby prepare a solid dry catalyst composition 
without having to heat said catalyst composition above 
50^C, or 

partially activated with >0 to <10 mols of activator 
compound per mol of titanium compoimd in said precursor 
composition prior to feeding of the activated precursor 
composition to said reaction zone and then being 
completely activated in said reaction zone with > 10 to 
< 400 mols of activator compound per jnol of titanim 
compound in said precursor composition, and 
said activator compound having the formula 

A1(R») X» H 
^ 'c d e 

wherein X« is CI or 0R"», R" and R"« are the same or 
different and are to C^^ saturated hydrocarbon radicals < 

d is 0 to 1 • 5 , 

e is 0 or 1 , and 

c + d + e = 3. 

2. A process as in claim 1 in which a solution of 

said precursor composition is prepared by dissolving 

at least one magnesiim compoiand and at least one titaniUTi 

compound in said electron donor compound and by then 

recovering said precursor composition by precipitating 

or crystallizing it from said solution, | 

said magnesiiom compound having the structure I 

said "titaniTJin compound having the structure 



Ti(OR)^X^ 
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wherein a is 0 or 1 , b is 2 to 4 and a + b = 3 or 4, and 
said magnesiiam compound, said titaniijm compoiond and said 
electron donor compound being employed in such amounts 
as to satisfy the values of m, n, p and q. 

3. A process as in claim 1 which is conduc-6ed in a 
fluid bed process, 

4. Virgin ethylene copolymer fox*med from ethylene and 
at least one to Cg oc-olefin, in granular form with a 
Ti content >0 to < 10 ppm and a content of one or more 
of CI, Br or I of >0 to < 70 ppm, and having a melt flow 
ratio of > 22 to < 32, an unsaturated group content of 

< 1 C=C/1000 carbon atoms, and a density of 0.91 to 0.96. 

5. Virgin ethylene copolymer as in claim 4 which has a 
bulk density of about 15 to 31 pounds per cubic foot. 

6. Film made from the copolymer of claim 4. 

7. Film as in claim 6 having a thickness of >0 to < 10 
mils . 
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